Purpose: The aim of this study was to examine the association between gestational diabetes mellitus (GDM) and depression incidence in mothers and fathers during prenatal and postnatal periods.
Introduction
Depression is a prevalent condition that contributes to personal suffering and frequently coexists with chronic conditions, such as type 2 diabetes (termed diabetes hereafter). The American Diabetes Association and Diabetes Canada recommend screening for depression in all patients with diabetes. 1, 2 Common biological and behavioral mechanisms may underlie both depression and diabetes. These mechanisms include increased inflammation, hyperactivity of the sympathetic nervous system and hypothalamic pituitary adrenal axis, low levels of physical activity, unhealthy dietary habits, obesity, lower socioeconomic status, and chronic stress. 3, 4 Several studies have confirmed an association between depression and diabetes 5 and suggest that the relationship is bidirectional. 6, 7 In contrast, there is less evidence evaluating the relationship between gestational diabetes mellitus (GDM) and depression.
The physiological changes in pregnancy can unmask a predisposition for diabetes in women, manifesting as GDM. 8 GDM and depression pose important health concerns in mothers facing the challenges of pregnancy and motherhood; the prevalence of GDM is ~16% globally in pregnant women 9 and roughly 12% of mothers experience perinatal depression. 10 The relationship between these conditions is currently unclear. 11 Some studies have identified an association between GDM and perinatal depression, [12] [13] [14] [15] whereas others have not. [16] [17] [18] Differences in population demographics, measures for depression, and follow-up intervals may explain these conflicting results. Additionally, the association between GDM and depression outside the perinatal period is uncertain.
Depression is a critical problem not only for mothers but also for many fathers. As mothers, fathers undergo adjustments during pregnancy and following the birth of their infants. 19 We previously demonstrated that during their partner's third trimester of pregnancy, ~13% of expectant fathers experience depressive symptoms. 20 A systematic review determined that the prevalence of paternal depression between the first trimester and 1 year postpartum was ~8%. 21 Furthermore, fathers share health behaviors, including dietary habits and physical activity with their partners, which are associated with developing GDM in mothers. [22] [23] [24] [25] [26] [27] We have also determined that GDM in mothers is associated with a higher risk of incident diabetes in fathers. 28, 29 The relationship between GDM in mothers and depression in fathers has not been previously investigated.
In the present study, we aim to elucidate the association between GDM and incident depression in the prenatal and postnatal periods and investigate the relationship between GDM in mothers and incident paternal depression.
Methods study design, data sources, and construction of cohorts
We conducted a population-based retrospective cohort study in the province of Quebec, Canada. Health administrative databases are maintained by the Quebec government (Régie de l'assurance maladie du Quebec [RAMQ]) for the universal public health insurance plan. Databases include procedural and diagnostic codes for physician outpatient visits (ICD-9) and hospitalization discharge diagnoses (ICD-9 until April 2006 and ICD-10 since then). The RAMQ identified women aged 20-44 years who, between April 1, 1990 , and December 31, 2007, 1) had a singleton live birth and 2) had ≥2 outpatient physician billing diagnoses for GDM (ICD-9: 6480 or 6488, ICD-10: O24.8) within 6 months of delivery and/or a postdelivery hospitalization discharge GDM diagnosis. 29 Each mother with GDM was matched by age group, the year of delivery, and local health administrative territory with a mother who had a singleton delivery without GDM diagnostic codes. Corresponding fathers and offspring were identified. Mother-father-child triads were excluded if incomplete or if there was a prior cardiovascular disease-related or heart failure diagnostic or procedural code in either parent. Anonymized data were received from the RAMQ and Quebec Statistical Institute (QSI), including diagnostic codes for mothers and fathers from 3 years prior to delivery to March 31, 2012 (RAMQ), month and year of death (RAMQ), month and year of offspring birth (RAMQ), age group of mothers and fathers (RAMQ), sex of infant (QSI), gestational age and size of infant (QSI), countries of birth and primary language of mothers and fathers (QSI), Institut national de santé publique du Québec material deprivation index 30 (an area-level indicator of material deprivation, RAMQ), and mother and father co-habitation status at delivery (QSI).
From the cohort received from the RAMQ, we excluded all triads with any diagnostic code for diabetes in the father during the 3 years prior to the index delivery date or in the mother for the same period, excluding the index pregnancy. We also removed those with missing information on gestational age of infant or size of infant at birth. As universal screening for GDM is performed at 24-28 weeks gestation, 31 for our analyses of maternal depression, we excluded mothers who had a history of psychiatric illness (mood and psychotic disorders) in the 1 year prior to 24 weeks gestation. For the analyses in our cohort of fathers, we excluded fathers who had any history of psychiatric illness in the 1 year prior to 24 weeks gestation. When a mother or father was excluded, their corresponding "match" was also excluded.
We examined the association of GDM and depression in the three nonoverlapping periods: 1) 24 weeks gestation up to delivery; 2) delivery up to 1 year postpartum; and 3) 1 year postpartum to study end (March 31, 2012). Follow-up was from the start of each period to departure from Quebec, death, or end of the period of interest. We defined incident depression in our administrative data as a composite of diagnosed depression (≥2 outpatient visit diagnoses for depression within a 2-year time frame or one hospitalization discharge diagnosis), 32 or hospital admission for self-harm or suicide recorded as a cause of death (for ICD codes used, refer Table  S1 ). 33 Baseline and outcome variables were assembled using SAS/STAT © Version 9.4 (SAS Institute Inc., Cary, NC, USA).
study participants' characteristics at baseline
We characterized mothers and fathers by age group, cohabitation with partner at delivery, parity, gestational hypertension diagnosis during index delivery, preterm delivery, size for gestational age of infant at delivery, prior comorbid conditions, history of psychiatric illness >1 year prior to 24 weeks gestation of the index pregnancy, history of psychiatric illness in partner, ethnicity, and socioeconomic status. Infants delivered at <37 weeks gestation were categorized as preterm, and infants were classified as small (weight <10th percentile), appropriate (weight 10th to 90th percentile), and large (weight >90th percentile) for gestational age, based on Canadian references. 34 For comorbid conditions, we reviewed and grouped all diagnostic codes for the 3-year period prior to delivery. As airway disease was the only condition identified in >5% of the cohort prior to delivery, we accounted only for this specific comorbid condition in our models. We also included hospital admissions in the 3 years prior to the index delivery as a comorbidity indicator. We defined the reference ethnocultural group (European origin) as those born in North America, Europe, or Australia with a first language of European origin. The use of the term "parents" refers to the pregnant woman herself (ie, the mother) and her partner (ie, the father of her infant).
statistical analyses
We examined baseline characteristics (numbers and proportions) of mothers and fathers, stratified by the presence or absence of GDM in the index pregnancy. We computed depression incidence rates and plotted Kaplan-Meier curves for women with GDM, women without GDM, men whose partner had GDM, and men whose partner did not have GDM over the three time periods investigated to illustrate the diagnosis of depression in our cohort over time. The risk of depression was assessed using stratified Cox proportional regression hazards models. Variables included in the models were age group (for paternal analyses only as this was matched in mothers), co-habitation with partner at the birth of offspring, parity, gestational hypertension, preterm delivery, size for gestational age of infant, prior comorbid conditions, history of psychiatric illness >1 year prior to 24 weeks gestation of index pregnancy, history of psychiatric illness in partner, ethnicity, and socioeconomic status. Analyses were conducted using R Version 3.2.5 (R Development Core Team, 2016).
sensitivity analyses
In sensitivity analyses, we explored the impact of a more liberal definition of incident depression that included a single outpatient physician visit or hospital discharge diagnosis or hospital admission for self-harm or suicide recorded as a cause of death. 35 In addition, we examined the impact of excluding mothers and fathers with any ICD code for psychiatric illness in the 3 years prior to 24 weeks gestation of the index pregnancy. Finally, we included an interaction term between GDM and prior psychiatric illness in our models.
Results
Among the 80,000 triads selected at the RAMQ, 76,470 triads were identified in the Birth Registry and 70,136 triads remained following further exclusions (prior diabetes in parents or matched parents missing gestational age of infant or matched infant). After excluding mothers with any psychiatric illness in the year prior to 24 weeks gestation and their matches, 58,400 mothers were retained for analysis ( Figure  1 ). A total of 63,384 fathers were included in our analyses after excluding fathers with a history of depression in the year prior to 24 weeks gestation and their matches ( Figure 1 ).
gDM and depression in mothers

Baseline characteristics
A slightly lower proportion of mothers with GDM were not living with their partners at the time of delivery compared to mothers without GDM (6.59 vs 8.08%). Whereas nearly half (50.54%) of mothers with GDM had more than one prior pregnancy, only one-third (28.43%) of mothers without GDM were multiparous (Table 1) . Mothers with GDM were more likely to have pregnancies complicated by gestational hypertension, preterm delivery, and large for gestational age infants compared to women without GDM. A higher proportion of mothers with GDM had previously been hospitalized. The proportions of airway disease were similar between both groups. Additionally, the proportions of psychiatric illness prior to 1 year from 24 weeks gestation of the index pregnancy and psychiatric illness in partners were similar in both groups. Mothers with GDM lived in deprived neighborhoods more frequently (44.17% vs 38.14%). A lower proportion of mothers with GDM were from a European ethnocultural background (76.84% vs 82.26%).
GDM as a risk indicator for depression in mothers
Mothers with GDM had a higher incidence of depression across all time periods investigated ( Figure 2 and Table 2 ).
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Pace et al There were no recorded cases of self-harm or suicide in the first year postpartum. Over a mean follow-up of 11.95 years (SD: 5.59), 29 mothers with GDM and 25 mothers without GDM were admitted to hospital for self-harm and 12 mothers in each group had a cause of death reported as suicide. From the time of GDM diagnosis to delivery, a nearly twofold greater (adjusted HR: 1.82, 95% CI 1.28, 2.59) risk of being diagnosed with depression was detected in mothers who had GDM compared to mothers without such a history. From delivery to 1 year postpartum, adjusted stratified Cox proportional regression hazards models demonstrated that the risk of being diagnosed with depression was not conclusively different between the two groups (adjusted HR: 1.05, 95% CI 0.84, 1.30). Following the first year postpartum, there was an 8% (adjusted HR: 1.08, 95% CI 1.03, 1.14) increased risk of depression/self-harm/suicide in women with a history GDM compared to those without.
gDM and depression in fathers
Baseline characteristics
Fathers whose partners had GDM were slightly older than fathers whose partners did not have GDM (Table 3 ). In fathers whose partners had GDM, there was a lower proportion who had pirimiparous partners and were not living with their partner at the time of delivery compared to fathers whose partners did not have GDM. There were also a lower proportion of fathers with small for gestational age infants and of European background in the group whose partners had GDM compared to those whose partners did not have GDM. The proportion of partners with gestational hypertension, preterm infants, large 
1831
gestational diabetes and depression in parents for gestational age infants, and higher material deprivation was greater in fathers whose partner had GDM. There were no important differences in comorbidity indicators, history of psychiatric illness prior to 1 year from 24 weeks gestation of the index pregnancy, and history of psychiatric illness in partners between the two groups of fathers.
GDM as a risk indicator for depression in fathers
Over a mean follow-up of 12.43 years (SD: 5.38), in fathers whose partners did not have GDM, there were 16 fathers who were admitted to hospital for self-harm and 62 suicides. In parallel, there were 20 fathers whose partners had GDM who were admitted for self-harm and 68 fathers who committed suicide, with one of these suicides occurring in the first year postpartum. Cox proportional regression hazards models demonstrated no association with partner GDM status and depression in fathers (Table 3 ). There were very few cases of depression/self-harm/suicide (total n=28) in the 24 weeks gestation up to delivery period in fathers making these risk estimates imprecise.
Other factors associated with depression in parents
In mothers, a history of psychiatric illness was the strongest predictor of depression during pregnancy ( 
sensitivity analyses
When utilizing a more liberal administrative health database definition for depression (a single outpatient or hospital discharge diagnosis), there was a trend toward increase rates of depression diagnoses in mothers with GDM, but no significant association was seen in fully adjusted proportional hazards models (Table S2) . As in the main analyses, there was no association between GDM in partners and depression in fathers using the more liberal definition of depression. Other associations were similar to those observed in the main analyses. When mothers with any history of psychiatric illness were excluded from analyses, the direction and magnitude of the association of GDM with depression from 1) 24 weeks gestation up to delivery (adjusted HR: 2.03, 95% CI 1.24, 3.31), 2) delivery up to the first year postpartum (adjusted HR: 1.12, 95% CI 0.86, 1.46), and 3) 1 year postpartum to study end (adjusted HR: 1.07, 95% CI 1.01, 1.13) were similar to our main analyses and remained conclusive. As in the main analyses, when fathers with any history of psychiatric illness were excluded, there was no association between GDM statuses of the partner with depression in fathers.
The addition of an interaction term between GDM and history of psychiatric illness was nonsignificant in all models examined.
Discussion
From the time of GDM screening to delivery, mothers with GDM had a nearly twofold higher risk of depression compared to mothers without GDM. Whereas GDM was not conclusively associated with depression during the 1-year postpartum period, later in life, there was a slightly higher risk of depression in women with a history of GDM compared to those without GDM. In contrast, no association between partner GDM status and paternal depression was observed. The American College of Obstetricians and Gynecologists recommends that all women is screened for depression at least 
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Pace et al once during pregnancy or in the postpartum period. 36 This large retrospective cohort study demonstrates that screening is particularly important during pregnancy in mothers with GDM as they are at a much higher risk of depression during this period.
Our findings demonstrate an association between a diagnosis of GDM and a physician's diagnosis of depression during pregnancy, no association during the first year postpartum, and then a positive association beyond the first year postpartum. We suspect that the absence of an association during the first year postpartum may be related to the intensive child care duties during this period, perhaps limiting mothers' time available to consult a physician and thus be diagnosed with depression. A recent Canadian health administrative database study did not identify an association between GDM and depression either during pregnancy or during the first year postpartum (N=326,723, including 12,140 with GDM). 18 We would note, however, that our study included approximately three times more women with GDM and was thus better powered to detect associations between GDM and depression. Two previous large health administrative database studies, one population-based Swedish study (N=707,701 deliveries, including 3,138 with GDM) and one focusing on a low-income sample in USA (N=11,024 deliveries, including 886 with GDM), specifically examined depression risk in the 1-year postpartum period. 14, 15 Both reported an increased risk, in the order of a 70%, in women with GDM vs those without GDM. In their main analyses, both retained women with prior depression but adjusted for this in their analyses. We excluded women with any psychiatric diagnosis in the 1-year period prior to 24 weeks gestation. These differences may partly account for the null association between depression and GDM that we observed in the first postpartum year. However, the association observed in the American study persisted with the exclusion of women with depression before delivery. 14 Other population differences or health system differences may be operating, such as possibly a more systematic evaluation for depression postpartum in some jurisdictions or in low-income groups.
Smaller studies not relying on health administrative databases are able to systematically assess for depressed mood 
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gestational diabetes and depression in parents using validated instruments. They are thus able to detect depressive symptomology that may not otherwise come to a health care provider's attention. We identified two such studies that detected no association, perhaps because of small sample size. 37, 38 A third study observed findings consistent with ours: Huang et al determined, using the Edinburgh Postnatal Depression Scale, that women with GDM had higher depression scores during mid-pregnancy than those without GDM but found no difference in scores at 6 months postpartum. 39 A fourth study observed a strong association between depressive symptomology and GDM at 6 weeks postpartum. 12 This is consistent with the possibility that in the first year postpartum, mothers may not seek medical attention for themselves. 40, 41 It should be noted that, because of the smaller sample size, the CI was wide in this study (RR 4.62, 95% CI 1.26, 16.98), at the lower end suggestive of a small association and at the higher end suggestive of an implausibly strong association.
Years after pregnancy, GDM has been shown to have associations with incident diabetes, hypertension, and cardiovascular disease, 29, 42, 43 but few studies have assessed the long-term relationship between GDM and depression. In this study, we were able to establish the forward directionality of the likely bidirectional relationship of GDM and depression; GDM signals maternal depression during and after pregnancy. Beyond the first postpartum year, over a median of 4 years, an association between GDM and incident depression was previously shown to be attenuated after adjustment for socioeconomic and clinical variables (adjusted OR 1.29, 95% CI 0.98, 1.70). 17 In comparison to this prior study, the present study had more women with GDM (29,200 vs 659) and a much longer follow-up time; over a mean follow-up of 11.95 years (SD: 5.59), there was an 8% higher risk for depression in mothers who had GDM in our study. This is the first study to investigate a relationship between GDM in mothers and incident depression in fathers. We hypothesized that given shared dietary and behavioral habits between partners, which are associated with both GDM and depression, GDM in mothers may signal depression in fathers. However, we found no such association. This study does confirm that a previous personal history of depression having a partner with a history of depression is a risk factor for postpartum depression in both men and women. [44] [45] [46] [47] In the first 6 months postpartum, Paulson et al 48 showed that mothers with prenatally depressed partners had significant worsening in depressive symptoms, but they observed no association between partner depression and paternal depression in fathers, in contrast to our findings. Other studies have found that elevated depressive symptomatology in one partner is significantly associated with corresponding increases in the other's symptoms. 45, 49 Depression in parents impacts a child's behavioral, emotional, cognitive, and physical development. 50, 51 Our findings highlight that depression in one partner has reciprocal effects on the other suggesting that interventions for depression in the postnatal period should have a family centered approach. 52 We acknowledge some limitations. We did not have any data on physical activity, eating habits, smoking, or other health behaviors, or did we have information on body mass index. However, as shared behaviors are likely along the causal pathway, we would not have included them as variables in the main analyses examining the relationship between GDM and depression. Individuals of non-European ancestry born in North America, Europe, or Australia who reported a European first language were classified in the reference ethnocultural category and thus arguably misclassified. As with all administrative health data studies, our results are subject to detection bias as a diagnosis is only recorded if an individual has an encounter with the healthcare system and prior studies have shown that women are reluctant to seek care for mental health problems during the perinatal period. 40, 41 Moreover, using administrative data, we are unable to directly apply clinical definitions of depression such as those delineated by the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and the WHO. Strengths of our study included a cohort design, a large number of subjects and indicators of psychiatric illness in partner, cohabitation status, ethnocultural background, deprivation level, and variables not available in many health administrative database studies.
Conclusion
Women with GDM are at an increased risk of depression particularly during pregnancy underscoring the need to screen for depression in these mothers and provide supportive interventions. This study also emphasizes that prior psychiatric illness, and having a partner with a history of psychiatric illness impacts the risk of depression in both mothers and fathers highlighting the importance for healthcare providers to consider the mental health status of both parents.
